
and an 80 nm nitride spacer layer was deposited for electrical
isolation of the nanowire detectors from the LEDs. A 3.5 nm
WSi layer (for the SNSPDs) was then sputtered followed by
a 2 nm amorphous Si protective layer.21 SNSPDs were pat-
terned with a width of 300 nm and a length of 100 lm.20

Reactive ion etching was performed using Ar and SF6. Ridge
waveguides were then etched through the SiNx spacer and
the 80 nm spacer layer into the Si using CF4 chemistry. A
deep etch of the Si around the structures was then performed
for optical and electrical isolation. Au pads with a Ti adhe-
sion layer were patterned for electrical contacts to both the
SNSPDs and LEDs. An oxide overcladding was deposited,
and vias were etched to make contact to the pads.

Finally, the W centers were annealed for 30 min at
250 !C.14 All lithography was performed with a 365 nm i-line
stepper.20 An overview of the process layers is shown in Fig.
1(b). The wafer included die with four different patterns: an
electrical and photoluminescence test pattern, waveguide-
integrated LEDs to tapers for electroluminescence (EL) spec-
troscopy, waveguide-integrated LEDs to SNSPDs, and LEDs
to arrays of SNSPDs for a demonstration of scalability.

Figure 2(a) shows a diagram of an LED with the rele-
vant dimensions indicated. LEDs with lengths from 0.8 lm
to 100 lm were fabricated. The current-voltage characteris-
tics of the LEDs were first tested using a sorption pump cryo-
stat at 800 mK. The turn-on voltage was determined to be
1 V. Figure 2(b) shows a typical I-V curve for an LED with a
length of 10 lm, which was also the standard length chosen
for the LEDs in the scalability experiments. The turn-on
voltage (the voltage was measured for each device with the
current at 1 nA) varied with the length of the device (increas-
ing for shorter devices due to increased differential resis-
tance). The reverse-bias leakage current was <100 pA in all
measurements.

The spectral properties of the LEDs were then investi-
gated using a liquid-nitrogen-cooled linear InGaAs photo-
diode array and a spectrometer. The LED is coupled to a
1 mm-long waveguide that ends in a taper intended to scatter
light. The devices were cooled in a closed cycle He cryostat
at 4.2 K. The LEDs were electrically injected with a DC cur-
rent, and EL was collected with a 0.6 NA objective lens. The
resulting spectrum is shown in Fig. 3(a). Light was collected
from above the LED and subsequently from the taper at
the end of the waveguide with six times higher intensity
observed above the LED. A higher resolution spectrum of

the zero phonon line is shown in Fig. 3(b), with different
bias currents normalized to have the same maximum inten-
sity. The linewidth is 0.5 nm at 0.3 mA, broadening to 1 nm
at 1.3 mA. The spectrum shifts by 0.4 nm in this range of
bias currents (see supplementary material). While the multi-
mode nature of the structure makes it difficult to make a
quantitative estimate of the light emission, these measure-
ments verify spectrally that the emission is from the W cen-
ter and that there is light coupled to the waveguide.

The LED-to-nanowire devices were next tested in a sorp-
tion pump cryostat at 800 mK. An optical microscopy image
of these devices is shown in Fig. 4(a). In Fig. 4(b), the
SNSPD bias current is fixed at 5 lA, while the LED current
bias is increased. We observe an increase in counts on the
SNSPD above the background noise level when the LED bias
current reaches 150 pA. In Fig. 4(c), we show the SNSPD
response as a function of current through the nanowire for
seven values of LED bias current. For each LED current,
there is an initial increase in counts per second as the SNSPD
bias current is increased, and the response levels off at higher
bias current as the internal quantum efficiency of the SNSPD
saturates.19 To verify that the light is waveguide-coupled, the
crosstalk between two adjacent devices is examined, as

FIG. 2. (a) Schematic of an LED with the relevant dimensions indicated. (b)
IV curve for an LED of length 10 lm. Inset: zoom in to the voltage range
near threshold on a log y scale.

FIG. 3. (a) EL spectrum measured above the LED (red) and above the taper
(blue). (b) Higher resolution showing the linewidth of the zero phonon line
of the W center for different bias currents.

FIG. 4. (a) Optical microscopy image showing two LED to SNSPD (nw)
structures. (b) Counts per second versus LED current for SNSPD bias cur-
rent of 5 lA for one of the structures shown in part (a). (c) SNSPD counts
per second versus nanowire bias current at different LED currents for one of
the structures shown in part (a). LED currents of 100 pA, 150 pA, 320 pA,
1 nA, 4 nA, 28 nA, and 250 nA are shown. (d) SNSPD counts per second ver-
sus bias current for the two different LEDs and SNSPDs indicated in part
(a), indicating that the emitted light is waveguide coupled.
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